ABSTRACT. Wild meat is critical for the food security and income of millions of people, especially for poor rural households. Its role as a primary source of macronutrients worldwide has been recognized, but there have been few attempts to evaluate the contribution of bushmeat consumption to micronutrient intake. This is so particularly in the context of nutritional transitions induced by modernization and globalization. Here, we calculated the role of bushmeat as a source of micronutrients in the diets of urban and periurban inhabitants within the Tres Fronteras (Peru, Brazil, Colombia) region in the Amazon. We gathered food intake data from 35 households using 3-day 24-h food recalls combined with food weighing. Additionally, we interviewed 105 households on food consumption frequency. Our results indicate that 14.3% of the households consumed bushmeat, which represented approximately 32% of their caloric intake, 72% of consumed protein, and 77% of iron. Typically, households consuming bushmeat presented higher a nutritional status, i.e., lower intake of carbohydrates (−10%) and higher intake of proteins (+46%), iron (+151%), and zinc (+23%), than households not consuming bushmeat. Most of the sampled households did not achieve standard nutritional requirements for calories (94%), fiber, vitamin C, or iron (97%) per adult per day. None of the households achieved the recommended daily intake for calcium. Households consuming bushmeat consumed statistically significantly higher levels of iron, zinc, and vitamin C than households that did not eat bushmeat. The latter consumed an excess of 31% calories from processed foods per adult per day, and lower amounts of iron (−60%) and zinc (−19%). We argue that households not consuming bushmeat are at greater risk of anemia in the short run and other chronic health problems in the long run.
INTRODUCTION
Wildlife consumption is critical for ensuring the food security and income of millions of people in tropical regions worldwide, especially for poor rural households (Nasi et al. 2008) , regardless of modernization and globalization of food habits (Popkin 2001) . Bushmeat hunting and consumption has increased in the last decades in rural communities and urban centers because of increased access to forests and for-profit bushmeat trade (MilnerGulland et al. 2003 , Nasi et al. 2008 ). This has led to the so called "bushmeat crisis," which not only threatens wildlife but also the food security of indigenous and rural populations most dependent on wild food sources.
There has been growing interest in understanding the sustainability of bushmeat harvesting and factors that affect bushmeat consumption (Bennett and Robinson 2000 , Parry et al. 2009 , Poulsen et al. 2009 , Godoy et al. 2010 , Jenkins et al. 2011 , Schulte-Herbrüggen et al. 2013 . Moreover, there has been increased focus on the importance of bushmeat to local diets and health in tropical African forests (Neumann et al. 2003 , Fa et al. 2009 , Golden et al. 2011 , Vega et al. 2013 , Remis and Jost Robinson 2014 and Amazonian forests (Sirén and Machoa 2008 , Fonseca and Pezzuti 2013 , Tanner et al. 2013 ).
In the Amazonian region of South America, a wide range of terrestrial and aquatic fauna, including mammals, birds, fish, turtles, insects, and other invertebrates, are traditionally used as food (Dufour 1991 , Gragson 1992 , Marconi et al. 2002 , Fonseca and Pezzuti 2013 . Research has also highlighted the importance of bushmeat and fish as important sources of calories as well as protein (Murrieta et al. 2008 , Adams et al. 2009 ). Although fish is one of the main protein sources for Amazonian people (Adams et al. 2009 , Parathian and Maldonado 2010 , van Holt et al. 2010 , Isaac and Almeida 2011 , terrestrial wildlife provides a significant amount of calories and essential nutrients, not only protein, but also fat (Redford and Robinson 1991 , Townsend 2000 , Murrieta and Dufour 2004 . Studies of the daily protein intake provided by wild meat and fish to indigenous (Dufour 1991, Sirén and Machoa 2008) and rural (Murrieta et al. 2008 , Prates 2010 , Piperata et al. 2011a ) populations in the Amazonian region have shown that international standard nutrient recommendations are often met and in some cases even exceeded.
Investigations of the role of wild food consumption in the lives of Amazonian peoples date back to the 1950s, when the focus was on the debate whether protein was limiting factor for social evolution. Initial studies attempted to explain the presence and evolution of human societies in the region (Steward 1949 , Meggers 1954 , Steward and Faron 1959 , Lathrap 1968 , Linares 1976 , Ross 1978 , Beckerman 1979 , Chagnon and Hames 1979 , Hames 1987 , 1989 , Hawkes et al. 1982 , Johnson and Behrens 1982 , Sponsel 1986 , Vickers 1988 , Feer 1993 , Grenand 1993 ), but only a limited number of studies have investigated bushmeat intake (Dufour 1991, Sirén and Machoa 2008) , despite the importance of wild animals to protein and caloric intake.
In some tropical forest areas other than the Amazon, some authors have addressed the importance of wild meat in supplying essential micronutrients to human diets (Golden et al. 2011, Remis and Jost Robinson 2014) . Investigating how bushmeat contributes to micronutrient intake is important because animal-source foods (ASFs) are rich in these essential elements given their greater bioavailability than in vegetable sources, and they have a strong association with better growth, cognitive function, activity, http://www.ecologyandsociety.org/vol20/iss4/art22/ pregnancy outcomes, and morbidity (Neumann et al. 2003 , 2013 , Grillenberger et al. 2006 , Hulett et al. 2014 . To address the gap in the literature with regard to Amazonian forest peoples, we assess the contribution of bushmeat consumption to macro-and micronutrient intake and evaluate the potential consequences of limitations in wildlife availability and nutrition transition to the food security of communities in the Amazon region.
In the Amazon, the livelihoods of indigenous and rural communities have been changing recently because of increasing urbanization, income levels, and access to markets (Piperata 2007 , 2011a ,b, Coimbra et al. 2013 , Adams and Piperata 2014 . One result has been the worsening of nutritional patterns because of the adoption of food habits based on processed and industrialized products (Piperata 2007 , van Holt et al. 2010 , Nardoto et al. 2011 . The trends in nutrition transition were confirmed in eastern Amazonia by Piperata (2007) , showing an increasing proportion of overweight and obesity among adults, significantly related to changes in diet and activity patterns.
Evidence from a recent study in the Amazon region (encompassing areas of Brazil, Colombia, and Peru) shows that, in the transition zones between rural and urban areas, most villages have an abrupt decrease in freshwater fish and bushmeat consumption, with an increase in the consumption of frozen chicken and beef (Nardoto et al. 2011) . Notwithstanding, few attempts have been made to evaluate the possible long-term effects of bushmeat consumption on food security and population health in the Amazon (Godoy et al. 2010 , Piperata et al. 2011a ,b, Tanner et al. 2013 ).
BACKGROUND
The Amazon region has been the stage of one the most compelling and influential academic debates about cultural and social evolution and adaptation to tropical forests. Central to the debate were food production systems and human access to macronutrients, primarily calories and proteins. Steward (1949) was the first author to propose a dichotomy between upland and lowland environments of the Amazon region based on limiting environmental factors that were used to explain impaired social complexity in upland forest environments (Steward 1949 , Meggers 1954 , Steward and Faron 1959 . Because animals were never domesticated for food in the pre-Columbian Amazon, access to bushmeat as a source of proteins in the uplands played a central role in the debate.
Subsequently, Lathrap (1968) suggested that animal protein would be the key limiting factor for social evolution, followed by Ross (1978) , who expanded the hypothesis by taking into consideration other variables such as animal behavior, ecological attributes, and hunting technology. Other authors such as Chagnon and Hames (1979) and Vickers (1988) agreed on the limited availability of animal protein in the Amazonian uplands, but criticized the lack of longitudinal quantitative data on hunting efforts, population sizes, and growth rates of hunted species and diet variability in previous studies. Beckerman (1979 Beckerman ( , 1994 argued that animal protein could be substituted by plant protein in cases of scarcity.
During the debate about animal protein as a limiting factor, optimal foraging models and time allocation studies were used to demonstrate that hunting strategies could overcome local scarcity due to age of settlement (Hawkes et al. 1982 , Sponsel 1986 , Hames 1989 , including garden hunting (Linares 1976) . Nevertheless, although numerous data were produced on time allocation, energy expenditure, hunting strategies, and sustainable harvesting models (e.g., Hames 1979 , Johnson and Behrens 1982 , Feer 1993 , Grenand 1993 , less emphasis was given to bushmeat intake (Dufour 1991, Sirén and Machoa 2008) .
The nutritional ecology research that followed the debate, after it was criticized for its environmental determinism (Roosevelt 1993 (Roosevelt , 1994 , confirmed the importance of bushmeat and fish as sources of both calories and proteins (Adams et al. 2009, Adams and Piperata 2014) . Studies also showed that the nutritional environment in the Amazon was changing, and investigations were broadened to include contemporary processes such as nutritional transition and food security (Nardoto et al. 2011 , Piperata et al. 2011a ,b, Adams and Piperata 2014 .
METHODS

Study area
The study area, known as Tres Fronteras in the Amazon region ( Fig. 1) , experiences a unimodal-biseasonal rain regime with a dry season from April to September and a rainy season from October to March. The Amazon River reaches its maximum level in May (1686 cm), and drops to its lowest level in September (445 cm; Peel et al. 2007 ).
The region contains settlements originating from successive waves of migrants of indigenous, colono, and mestizo origins (INEI/ UNFPA 2010 , Suárez-Mutis et al. 2010 , van Vliet et al. 2014 . Land tenure includes various uses: forest reserves, agroextractivist settlements, national parks, indigenous territories and settlements, illegally occupied areas, and private properties. There is a significant variety of vertebrate fauna, including approximately 150 terrestrial mammal species, 4 aquatic mammal species, and 468 bird species (van Vliet et al. 2014 ).
The region is representative of recent trends in the Amazon as a whole, including increased rural-urban migration and influx of industrialized products that are responsible for nutrition transition in some communities (Prates 2010 , Nardoto et al. 2011 . Local towns have a relatively low level of economic development, as indicated by their position in the Human Development Index (approximately 0.6 for the largest cities of the region). A significant proportion of the local population is of indigenous origin (ranging from 28 to 41% of the population).
We sampled households in two Colombian towns (Leticia = 37,832 inhabitants, Puerto Nariño = 6983 inhabitants) and three peri-urban communities near Leticia (Kilometro 6, Kilometro 11, and Kilometro 18), as well as three Brazilian towns (Atalaia do Norte = 17,568 inhabitants, Benjamin Constant = 38,533 inhabitants, and Tabatinga = 59,684 inhabitants).
Study design
A household food intake survey was undertaken as part of a broader study on the importance of bushmeat to food security and local economy (van Vliet et al. 2014) . Within the region, we surveyed households within towns in Brazil and Colombia, but not on the Peruvian side of the border because we were unable to establish institutional links there. We surveyed households in urban and peri-urban areas in the larger cities, and households in small towns. In the selected towns, we assessed protein consumption among schoolchildren and food consumption frequency in a random sample of households (semi-quantitative) taken from the schoolchildren survey, and we performed an indepth analysis of food intake in a selected sub-sample of households (quantitative). We aimed to include households and individuals from different socioeconomic background and geographical localities in the Amazon region (excluding Peru).
Survey samples were chosen using a nested procedure. The point of departure was a protein and bushmeat consumption survey among schoolchildren from 15 representative rural and urban schools in Brazil and Colombia. We administered questionnaires in the dry (N = 831, September-October 2012) and rainy season (N = 865, February-March 2013) . We used the results from these questionnaires to determine household sampling for food consumption frequency and food intake analysis (for detailed results of protein consumption among schoolchildren, see van Vliet et al. 2015b) . We interviewed school children following the methods of van Vliet et al. (2015a) , which allow for the rapid assessment and monitoring of food consumption patterns among children in relatively large samples because of the few financial and human resources needed. In addition, because it is illegal to consume bushmeat in urban areas, our sampling strategy allowed us to improve the geographical and socioeconomic representativeness of our study.
Our results indicated that almost all (~99%) children had consumed animal protein the day before the survey. There was also a strong relationship between household characteristics (especially wealth and location of residence) and bushmeat consumption (van Vliet et al. 2015b ). Based on these findings, we structured our sample for the household survey of food frequency and food intake on these two variables. We requested that schoolchildren who participated in the protein consumption survey obtain consent from their parents to include their household in the next research steps. Those families that agreed to participate were asked to provide their household addresses and contact information, and unwilling households were excluded from the database.
The database was then divided in two groups, depending on whether or not they had consumed bushmeat in the previous day. Both groups were subsequently partitioned into three sub-groups according to the number of household assets per person as a proxy of household wealth. Lastly, households were stratified according to school location (small town, peri-urban, or urban). Identical procedures were followed in each country (Colombia and Brazil), resulting in a total of 105 households sampled and interviewed for the food consumption frequency survey, and a sub-sample of 35 households participating in the food intake survey (Fig. 2) .
Data collection
A household was defined as the spatial unit in which food is prepared and consumed. Food consumption away from home was not considered in the survey because there is evidence of imprecision in individuals' estimates of food consumption outside their homes (Margetts and Nelson 2008) .
Data on food consumption frequency were collected from 105 households during the dry season (May-July 2013) through interviews on food frequency. The interview comprised a list of food items typically consumed by the population under study, including a quantitative categorization to register the average frequency of consumption of each food item over a certain period of time (Fisberg et al. 2005) .
Data on food intake were collected from 35 households during the dry season using a 3-day record of 24-h food recalls combined with food item weighing, using the protocols adopted in previous studies (Murrieta 2000 , Murrieta and Dufour 2004 , Adams et al. 2009 ). The 3-day record of 24-h recall combined with food weighing is considered a highly accurate method for food intake evaluations; nevertheless, it is also extremely demanding in terms of research time. Thus, this procedure was associated with the food frequency questionnaire applied to a larger sample of households to allow validation of the representativeness of results obtained in the food intake survey.
During data collection on food intake, semi-structured interviews were carried out with the adult responsible for preparing meals in the household, who was encouraged to register food items consumed by household members during the previous 24 h. Weights in grams of food items were obtained using portable digital scales, and volumes were obtained with plastic jars with scales. Information on the number of participants sharing the meals was also gathered to include guests. Interviews for the food intake survey were conducted during three consecutive days between June and July 2013, recording household food intake from Sunday to Tuesday to include regular working days and weekend days, taking into account that food consumption patterns may vary between weekdays and weekend days (Fisberg et al. 2005) .
Data analysis
Data collected in both surveys (food consumption frequency and food intake) were processed into a database containing information on household socioeconomic characteristics, food consumption frequency, and food intake. The number of household members was converted into adult male equivalent units (AME), according to age and sex (Viacava et al. 1983) , to minimize potential underestimation of per capita food consumption (Claro et al. 2010) . The AME were summed to indicate the number of adult equivalents in each household (Table  1) .
Subsequently, the information on food intake for each household was converted into calories, macronutrients (protein, carbohydrates, and lipids, including fiber and cholesterol), and micronutrients (vitamin C, iron, sodium, and calcium). For this, we used food composition tables from Brazil (Brasil Ministério da Saúde 2002, NEPA/UNICAMP 2011) and Colombia (2014) in the case of a few food items that were unavailable in the regional tables.
The calories and nutrients consumed at each meal were distributed among the adult equivalents in the household, resulting in values of calories and nutrients per adult. In some cases indicated by the interviewee, invited guests were also computed as participants of a specific meal, using the same adult equivalent conversion method. Then, the nutritional intake per adult equivalent was compared with nutritional requirements proposed for the evaluation of nutritional status (Food and Nutrition Board 1989 , Institute of Medicine 1997 . T-tests for equality of means and Levene's test for equality of variances were used to compare the information among households from different countries, wealth levels, and locations of residence.
An analysis of the distribution of calories across the main food groups was also carried out to establish the main contributors in the diet of the two different groups of households. This information was also converted into the number of servings per AME per day to verify the intake adequacy of the main food groups compared to nutritional recommendations for healthy eating (World Health Organization 2003, Harvard School of Public Health 2011). The information on household food consumption frequency was converted into servings to be used as a parameter for evaluating the representativeness of food intake (in servings) reported in the sub-sample of households interviewed in depth.
Lastly, a sensitivity analysis was performed to verify whether differences in nutrient intakes between households consuming and not consuming bushmeat were attributable to bushmeat consumption. For the sensitivity analysis, we simulated a situation in which another protein alterative substitutes completely bushmeat consumption. To do this, we recalculated the nutritional values of food intake per AME by substituting the consumed bushmeat by an equal amount of chicken. The choice of chicken as a potential bushmeat substitute was based on findings from Nardoto et al. (2011) , who recently reported high consumption of frozen chicken in Amazonian communities.
RESULTS
The results obtained for the household food intake survey indicate that households in the sample barely achieve the recommended caloric intake per adult (2900 Kcal d −1 adult −1 ) in the period analyzed. The intake of nutrients considered to be markers of healthy diets, such as fiber, calcium, and vitamin C, were also frequently inferior to the nutritional recommendations for populations adopted worldwide, as a result of the low consumption of fruits and vegetables. Unexpectedly, there were no significant differences in nutrient intake among households from different socioeconomic categories, except for calcium in the medium wealth households, which presented higher intake of the nutrient in comparison to high wealth households. In relation to country and degree of urbanization, there were differences in calories, macronutrients, and some micronutrients, especially zinc and sodium (Table 2) .
Ecology and Society 20(4): 22 http://www.ecologyandsociety.org/vol20/iss4/art22/ In relation to nutrients associated with unhealthy diets (i.e., sodium, cholesterol, and saturated fatty acids), a higher percentage of households in the sample presented excessive intake of sodium and low intake of cholesterol and saturated fatty acids in relation to nutritional recommendations. In the cases of such nutrients, households that registered bushmeat consumption presented nutrient intake that may be considered higher (respectively, +8, +20, and +25%) in comparison to households not consuming bushmeat (Table 3) .
For sodium, both groups of households greatly exceeded the maximum level of recommended intake, whereas for cholesterol and saturated fatty acids, neither group of households reached the maximum level of recommended intake. Daily adult food consumption patterns in households that did not register bushmeat consumption during the survey indicated a higher intake of carbohydrates (+12%), and lower intake of proteins (−32%), iron (−60%), and zinc (−19%).
It is worth noting that one of the most frequent food items registered in the food intake survey was manioc (Manihot esculenta). Manioc flour, which represented an average of 1.32 servings −1 adult −1 , was consumed in higher quantity among households consuming bushmeat (Table 4) . Manioc is a staple food in the Amazon (Adams et al. 2009 ) and is usually consumed with fish or bushmeat.
The overall consumption of meats was almost 44% lower in individuals from households that did not report bushmeat consumption in comparison to the households reporting bushmeat consumption. Moreover, the average daily intake of processed meats was approximately 90% higher in households that did not consume bushmeat. Furthermore, food items obtained from fishing and hunting were among the main food items among the households surveyed, contributing significant amounts of calories and essential nutrients. The comparative analysis of the food consumption and food intake surveys showed a connection between the reported frequencies and numbers of servings obtained in 3-day record of 24-h food recalls combined with food items weighing, with regard to the main food items in the habitual diet of the sampled population. Only two food items (manioc and other fruits) presented major differences between the food consumption frequency and food intake survey results among households not consuming bushmeat. In addition, one food item (beans) diverged between the two data sets. The survey comparison indicated an underestimation of food intake per AME in manioc, other fruits, and beans in the food consumption frequency survey.
Bushmeat, fish, and chicken were the main food sources of animal protein in the dietary habits of the communities surveyed. Additionally, there seems to be a potential effect of substitution between bushmeat and fish because households not consuming bushmeat showed higher consumption of fish compared to households reporting bushmeat consumption.
The analysis therefore suggests that food intake among individuals in households not consuming bushmeat may be higher than estimated, especially intake of staple foods with high carbohydrate content (i.e., other fruits including açai, manioc, and manioc flour). Hence, our results based on 3-day 24-h recalls may have underestimated the consumption of carbohydrates and calories in these households. Beans, a food item associated with higher vegetable protein intake, was underestimated in both groups of households, indicating that protein and calorie consumption may be higher than estimated in the food intake survey. In contrast, the results obtained for the other food items were highly consistent between data from the food intake sub-sample and the comprehensive sample of the population reporting food consumption frequency. Moreover, data associated with food intake among households that reported bushmeat consumption was highly representative of food consumption frequency registered in the wider sample of households from the region.
In general, the nutritional value of bushmeat consumption per AME represented approximately 32% of the usual caloric intake and approximately 72% of protein intake in the households that adopt such practice, being the main food source of iron and zinc for those individuals (Table 5 ). In relation to nutrients considered markers of unhealthy diets, bushmeat intake represented approximately 73% of cholesterol in the usual food consumption pattern and 38% of saturated fatty acids. Although bushmeat did not contribute significantly to sodium intake by itself, most protein based dishes require additional seasoning, especially salt.
The sensitivity analysis showed that bushmeat consumption is highly associated with differences in iron, zinc, and vitamin C intake. A substitution of bushmeat by the same amount of chicken would represent a substantial decrease in iron (approximately 65% reduction), zinc (approximately 24% reduction), and vitamin C (approximately 17% reduction) content in the diets of individuals otherwise consuming bushmeat (Table 6 ). Other nutrients influenced by bushmeat substitution in the simulation performed for sensitivity analysis were calcium (−3%), cholesterol (−1%), monounsaturated fatty acids (+2%), and polyunsaturated fatty acids (+2%).
DISCUSSION
Our study aim was to analyze the average food consumption patterns among individuals living in urban and peri-urban areas in the Amazon region to identify the nutritional contributions derived from bushmeat intake in their daily diets. The results showed that food consumption patterns in the sampled households are close to the lower acceptable limits of caloric intake and represent an insufficient nutritional intake in relation to the majority of nutrients associated with a healthy diet, especially fiber, vitamin C, calcium, iron, and zinc. In contrast, there was excessive intake of foods with high protein, sodium, and cholesterol content.
One of the main concerns regarding the food consumption profile observed in the sampled households is the lower intake of micronutrients associated with infant growth and development, especially iron and zinc. This may compromise the health status of the population in the region because the lack of micronutrients could generate a vicious cycle of under-nutrition, stunting, and impoverishment (Grillenberger et al. 2006 , Lozoff 2007 , Zimmermann and Hurrell 2007 , da Silva and Begossi 2009 . There is evidence in the literature regarding the role of proteins from animal sources in child growth and development, particularly associated with the intake of high-quality proteins, iron, and zinc, in addition to other micronutrients related to human physical and mental development, which present several repercussions in health and productivity in adulthood (Caulfield et al. 2004 , Lozoff 2007 , Zimmermann and Hurrell 2007 . In nutritional terms, the iron and zinc deficiencies registered in our study among individuals not consuming bushmeat are particularly worrying with respect to present and future health effects, especially considering that it may be an outcome of a substitution by other food items with lower nutritive value. A chronic situation of low intake of iron and zinc, potentially in combination with low nutrient bioavailability due to parasitic worms, hemorrhages, and other health problems, may cause iron deficiency anemia (Golden et al. 2011) , resulting in deleterious effects in the lean mass formation (Neumann et al. 2013) , height (Bandhu et al. 2003 , Neumann et al. 2003 , cognitive and motor development (Black 2003a,b) , immune response (Ekiz et al. 2005) , and behavioral development (Corapci et al. 2010 ). ¶The food frequency questionnaire did not include questions related to food items such as oils and fats because their use is associated with the food preparation process.
Furthermore, dietary iron and zinc bioavailability are negatively affected by high intake of food items from vegetable sources (staples such as manioc, corn, and legumes). Our findings therefore suggest that micronutrient deficiencies should be targeted by public health programs in the region, especially programs associated with the promotion of healthy diets (Neumann et al. 2003 , Grillenberger et al. 2006 . The adoption of healthy eating patterns may generate a virtuous cycle of biological and socioeconomic growth and development that may be potentiated from individuals to households and communities (Fogel 2002) .
Another concern regarding the food consumption profiles identified in the sampled households is the prevalence of processed meats, sweets, pasta, sandwiches, and sodas in the meals reported. Such food items present lower nutritional value and reduced protein content in comparison to bushmeat, in addition to their high salt, added sugar, and fat contents. Because the habitual diet in the sampled households combined low ingestion of fiber and vitamins with high ingestion of sodium and lipids, the evidence may be indicative of some worrying aspects of a nutritional transition similar to that reported in several studies showing that part of the Amazon population is gradually substituting bushmeat with frozen chicken produced and transported from other regions, which is traded in the Amazon region in similar questionable sanitary conditions noted elsewhere in the Amazon (Popkin 2001 , Piperata 2007 , da Silva and Begossi 2009 , van Holt et al. 2010 , Nardoto et al. 2011 , Adams and Piperata 2014 .
Nevertheless, reinforcing prior evidence (Redford and Robinson 1991 , Townsend 2000 , Murrieta and Dufour 2004 , Adams et al. 2009 , da Silva and Begossi 2009 , Parathian and Maldonado 2010 , van Holt et al. 2010 , Isaac and Almeida 2011 , our results showed that food items obtained through fishing and hunting still play an important role of the livelihoods of both groups of households surveyed. The consumption of manioc flour in association with proteins is still a very important staple food among households in the Amazon region, as previously described in the literature, characterizing an adaptive strategy for the survival of traditional communities (Murrieta et al. 1999 , Murrieta 2000 , Murrieta and Dufour 2004 , Adams et al. 2009 , da Silva and Begossi 2009 ).
However, when compared to bushmeat consuming households, households not consuming bushmeat showed poorer nutritional patterns of food intake because of their higher ingestion of food items with high sugar and simple carbohydrate contents, associated with lower consumption of animal proteins. Several circumstances influence bushmeat consumption, including price and availability of bushmeat in comparison to alternative animalsource food (Brashares et al. 2004 , Cowlishaw et al. 2005 , Nardoto et al. 2011 , van Vliet and Mbazza 2011 . Prior studies show a nutrition transition in progress in the region, derived from the lower prices of processed chicken (Piperata 2007 , van Holt et al. 2010 , Nardoto et al. 2011 , Adams and Piperata 2014 . Although our data do not allow an analysis of the level of physical activity from labor and other daily activities of individuals in the households surveyed, it is important to note that there is growing evidence for a decreasing level of energy expenditure among Amazon communities Piperata 2008, Piperata et al. 2011b ).
We identified a considerably high consumption of processed food items with lower nutritional quality associated with lower bushmeat consumption, i.e., lower protein, iron, and zinc, and higher sodium, carbohydrate, and fat consumption. During the time of our investigation, data on the wild-meat market chain in the Amazon showed that the price of bushmeat was on average 20% higher than the price of chicken, but cheaper than beef (−18%) and pork (−5%; van Vliet et al. 2014) . Although the substitution of chicken for bushmeat may at first glance appear to favor wildlife conservation, there are two likely negative outcomes. The first is a negative effect on food security and thus the health of the local population, with possible long-term effects for development. Second, the consequences of a transition from bushmeat to agribusiness-derived products may have an uncertain effect on conservation because cattle ranching is accompanied by deforestation.
There are some other possibilities for maintaining food security and inducing wildlife conservation by promoting the substitution of bushmeat by other traditional food items such as invertebrates in parts of the Amazon region. Invertebrates present high nutritional quality in terms of proteins, iron, and zinc. Further investigation of the association between bushmeat intake and the nutritional status of urban inhabitants of the Amazon with regard to micronutrients intake, micronutrient bioavailability, and implications for population health would help to improve the understanding of potential long-term consequences of decreasing bushmeat consumption for iron-deficiency anemia and human development.
CONCLUSION
Households in the Amazon region presented dietary patterns based on consumption of substantial amounts of processed food items with low iron and zinc contents. Our nutritional analysis of the recorded food intake suggested a diet susceptible to anemia (in the short run) and other chronic health problems (in the long run). Moreover, households not consuming bushmeat had significant intake of processed and industrialized foods, evidence which supports prior assumptions of an ongoing nutritional transition in the Amazon region (Piperata 2007 , van Holt et al. 2010 , Nardoto et al. 2011 , Piperata et al. 2011b , Adams and Piperata 2014 . Although our survey did not include information on individuals' physical activity levels, there is evidence of decreasing physical activity related to modernization in the Amazon region, especially among women Piperata 2008, Piperata et al. 2011b) , indicating some worrying trends for the health of Amazonian communities.
The role of bushmeat, fish, and chicken as the main food sources of animal protein confirm the trends in dietary habits of Amazonian communities shown in previous studies (Dufour 1991 , Murrieta et al. 2008 , Sirén and Machoa 2008 , Adams et al. 2009 , Parathian and Maldonado 2010 , Prates 2010 , van Holt et al. 2010 , Isaac and Almeida 2011 , Nardoto et al. 2011 , Piperata et al. 2011a , Adams and Piperata 2014 . Households in both study groups reported higher consumption of such food items within the meats food group. Furthermore, there may be a potential effect of substitution between bushmeat and fish because households not consuming bushmeat showed an increased consumption of fish compared to households reporting bushmeat consumption, a trend already described in the literature (Wilkie and Godoy 2001 , da Silva and Begossi 2009 , Gonçalves 2015 , Pinto 2015 .
As an alternative for wildlife conservation, we suggest the creation of public policy initiatives related to the support of tourism in wildlife protected areas in the Amazon region, in association with the promotion of substitution of bushmeat by invertebrates, which constitute food items with high nutritional quality that are culturally accepted among Amazon communities (Marconi et al. http ://www.ecologyandsociety.org/vol20/iss4/art22/ 2002). Although there were no records regarding entomophagy in our study, invertebrates may represent an important source of nutrients for rural communities in the Amazon (Posey 1978 , Dufour 1987 , Paoletti et al. 2000 and worldwide (Vantomme et al. 2004 , Nasi et al. 2008 , Ramos-Elorduy 2009 , Durst et al. 2010 .
Estimates suggest that tropical areas worldwide offer > 1000 terrestrial species of invertebrates that can be consumed as food (DeFoliart 1997 , Marconi et al. 2002 , Vantomme et al. 2004 , van Huis et al. 2013 , and are important sources of energy, protein, and micronutrients (Marconi et al. 2002) . Public policies designed to incentivize an increase in insects in the daily food intake may be the key to the sustainability challenges faced by governments dealing with wildlife conservation, without compromising human health. Thus, the absence of bushmeat intake would neither compromise food security nor endanger wildlife through hunting.
We have used caution in interpreting the results, however, because part of the methodology presents some limitations, including the use of household rather than individual food intake data using 24-h recall methods, the sample representativeness for household food intake analysis, and the lack of data collection regarding food intake outside the household. Regarding potential biases arising from intra-household disparities in caloric consumption, we note that these differences are usually derived from the intensity of physical activity associated with labor (Pitt et al. 1990) . That is, our adoption of food consumption per AME allowed us to minimize potential estimation errors arising from the use of average individual food consumption.
Considering the sample representativeness, it is possible that some groups may have been underrepresented in the sample because some proportion of the population is unable to send their children to school. Estimates indicate that approximately 14% of children are considered out-of-school in Colombia, and there are no official estimates for Brazil (UNESCO 2015) . However, it is important to note that bushmeat consumption in the Amazon region is a sensitive subject because it is targeted as an illegal activity by the national governments. Thus, a first approach using a qualitative survey of children was considered a reliable source of information to identify groups involved with bushmeat consumption.
Nevertheless, we highlight that the data collection methods used in the survey present consistent values for food intake analysis. The adoption of the 3-day record based on 24-h recall of food consumption combined with food weighing may be an expensive and time-consuming method for long-term monitoring of food intake in large samples. However, the combination of methods, as implemented in our study, is equivalent to methods used in studies of clinical nutrition diagnosis and is considered to improve robustness because it decreases the probability of errors intrinsic to retrospective methods (Fisberg et al. 2005) . Furthermore, there was high consistency between data on food intake collected using the 3-day 24-h recall method and the information on household food consumption gathered using food frequency questionnaires. This evidence is indicative of adequate representativeness of the sub-sample analyzed in-depth compared with the larger sample interviewed about food consumption.
Regarding the absence of information on food intake outside of people's homes, we note that food consumption away from home may differ from that within the residence. However, our study was designed to address specifically the importance of healthy diets at the household level, considering that food consumption away from home is low among individuals living in small towns and peri-urban areas, especially considering the substantial differences identified in the Amazon region (Neufeld et al. 2010 , Sichieri and Bezerra 2010 , Hoffmann 2013 ). In addition its nutritional value, bushmeat is also linked to important cultural and social values; for this reason, people hunt even when they have alternative sources of nutrition or income. Further discussion of Amazonian communities' cultural values by Bennett and Robinson (2000) , Nasi et al. (2008) , and Morsello et al. (2015) seeks to shed some light on the socio-cultural dimensions of bushmeat consumption.
We conclude that, in the context of a nutritional transition, food items obtained through fishing and hunting activities play a key http://www.ecologyandsociety.org/vol20/iss4/art22/ role in diversifying and enriching modern diets in the Amazon region. The absence of such food items, because environmental policies, wildlife depletion, or prohibitive prices, is of particular concern for human health, particularly for poorer individuals whose choices are limited by purchasing power. In this sense, it is also important to promote better articulation among environmental conservation, food security, and population health.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/7934
